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INTHHWf'TI  ON  AND  SUMMARY 


Ilii’  Ail-  Fen  i ha  - hern  i ii*  •■ii'K- 1 i involved  1 > mi  - 1 s ii  r i !!,*  i ’til1'  captive 
11  u'lil  I'liviintimi'iil  ';f  tactical  ai  r-launehod  missiles  under  a con  4 inning 
A run.  pc  |*'i  I , lie  tenni  na  hi  on  of  Aircraft.  Missile  I.nvi  r oilmen  t (PAMF. ). 

Much  n|  the  york  has  been  conducted  mi  an  i ns  ( i -unit  n t ed  inxil  i i'  i i-tl  I A -inch 
llnmh  Dummy  l'r, i t.  (HDD)  flown  on  an  F-l  1 1 aircraft.^  While  that  t'ffoit  was 
directed  primarily  t.uwaid  obtaining  rocket,  motor  i'e.-]iinise  , data  were  also 
collected  for  the  forward  section  and  launch  lug  components . The  result 
of  that  effort  was  ,1  ground  lest  eu  v i niiittie  it  t<i  1 envelope  fh.lt  represents 

motor  rapt i vr-f 1 lght  environment. 

As  a lugiial  extension  of  that  effort,  the  results  ol  the  HIM1  pro- 
gram were  applied,  analytically,  to  tin  AIM-71!  (s l'AKJDW  ) motor.  This 
report,  describes  that  effort.  An  inert  SPAJUHV  motor  was  instrumented 
with  accelerometers,  strain  and  stress  gages,  and  thermocouples.  The 
motor  was  then  subjected  to  thermal,  dynamic,  and  captive-flight  simula- 
tion tests  as  evolved  from  results  uf  the  HDF  program. 

The  program  is  discussed  in  chronological  sequence  of  the  efforts 
involved.  An  inert  propellant  was  formulated  based  on  the  Ll’C-til>7  inert 
propellant,  used  in  the  HDD.  Using  propellant  characteri/at j on  data  and 
i ini  to -element  computer  codes,  the  response  ol  the  motor  to  various 
thermal  environments  was  analyzed.  Stress  sensors  for  bond -line  radial 
stress  measurement  and  clip  gages  for  determining  inner  here  displace- 
ments were  fabricated  and  installed.  The  bond-line  gages  were  installed 
in  the  lined  case,  and  an  extensive  in-situ  caliluatieu  of  the-e  gages 
was  conducted.  The  motor  was  then  cast  arid  cured,  and  the  tnnudr<  ! was 
removed,  following  installation  of  the  rn.ai ni no  gage  p , the  motor  was 
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scaled  and  subjected  to  thermal,  dynamic,  and,  captive-flight  simulation 
tests.  Instrumentation  outputs  were  anal  wed,  and  the  observed  responses 
were  compared  to  the  initial  predictions.  Measured  thermal  stresses  were 
lower  than  predicted.  Dynamic  response  was  about  as  expected  although 
the  predictive  teclmiques  for  this  type  load  is  minimally  accurate. 

The  instrumented  inert  motor,  along  with  a set  of  drawings  locating 
the  gages  and  their  associated  wiring  diagrams,  were  delivered  to  the 
AFRPL  for  use  as  a test  vehicle  in  captive-flight  testing. 
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nmm.i.ANT  and  ciiyut : mu/,  at i < in 


For  the  purposes  Cor  which  the  Tactical  Instrumented  Motor  (TIM)  is 
intended,  it  is  required  that  an  inert  propellant  lie  used.  The  propel- 
lant used  m the  111)0  was  an  inert  IITI’ll  formulation  made  by  Lockheed  Pro- 
pulsion Comjiany  of  Iterilunds,  California,  in  the  late  I'JOOs,  based  on 
experience  with  the  lllHJ , it  was  decided  to  utilize  this  or  a similar 
formulation  for  the  TIM.  because  of  the  toxicity  of  toluene  di -i sorynnato 
(TI>1)  used  in  the  l.TC-Mi?  propellant,  isoplioroiie  ■!  i - i - or  \ ,i  n.i  |,e  (ll’lil)  v.i- 
used  in  the  TIM  propellant,  IIDS-011.  The  propellant  formulation  is  shown 
i n Tali  le  1 . 


TAllLt  1.  TIM  I’KOl’KLLANl  I ORMOLU 1UN 


Ingred  lent  ;• 

Wt  'i 

H-V}M  Polymer 

1 3 . h 3 

ll'DI  Curative 

1 .02 

| A <>-22 'it i Antioxidant 

i ) . ( ‘ ! 

1 l^odecvl  Pe lariroTirttr 

i 

2. O') 

UX-772 

0.  Id 

Ahuniniun,  Type  TT 

A 7 .00 

j Ground  Ammonium  Sulfate 

Ar>.l>o 

] Total 

100.00 

The  propellant  is  cured  by  exposure  to  I'i1}  degrees  (!•)  for 
Mechanical  properties  cluiracierization  including  aging  data  were 
comprehensive  for  an  inert  projiel  lant.  These  data  are  discussed 


12  (lavs 
la i r 1 y 
he  1 ow . 


UNIAXIAL  TENS  ILF.  HIOPHITILS 


Uniaxial  tensile  data  were  obtained  on  hybrid  Class  A tab-ended  dog- 
bones,  Figure  1.  The  tests  were  conducted  over  the  range  —65  to  165  F 
using  the  strain-time  history  shown  in  Figure  2.  Relaxation  modulus  data 
;ue  plotted  in  Figure  3.  A Smith  plot  ol'  the  uniaxial  tensile  failure 
characteristics  is  presented  in  Figure  >i.  Constant  strain  rate  initial 
tangent  modulus  and  failure  data  are  plotted  in  Figure  5.  Time-tempera- 
ture superposition  was  determined  empirically  by  shifting  the  relaxation 
modulus  data  laterally  to  obtain  the  continuous  curve  of  Figure  3.  The 
tensile  failure  data  represent  the  maximum  stress  on  the  specimen  (not 
necessarily  maximum  force)  as  determined  by  correcting  the  cross- 
sectional  area  of  the  specimen  for  the  applied  strain  assuming  a Poisson's 
ratio  of  about  0.3.  The  failure  strain  is  the  strain  at  maximum  true 
stress  and  i s very  nearly  equal  to  the  rupture  strain.  Mote , from  Figure 
3,  that.  Ibis  propellant  has  an  excellent  strain  capability  that  is  quite 
ll.it  over  a wide  range  of  rates. 

STRAIN  EVALUATION  CYLINDER  DATA 

Four  ’i -inch -diameter  strain  evaluation  cylinders  (sUCs)  with  web 
fractions  ranging  from  (>h  to  75)«  were  fabricated  and  temperature  cycled 
between  -37  and  133  F.  No  failures  occurred  in  any  of  the  cylinders. 
Measured  bore  strain  vs  temperature  lor  these  tests  are  plotted  in  Figure 
<>.  The  measured  strain  at  -(>3  F is  low  because  of  the  method  of  measure- 
ment, which  requires  removing  the  -Ft  from  the  temperature  cycling  cham- 
ber. At  this  extreme  condition,  due  to  rapid  warm-up,  the  measurement  is 
always  low.  A least  squares  curve  fit  of  these  data  (corrected  for  the 
13-incb  length  of  the  cylinder)  was  used  to  calculate  a plane  strain 
equivalent.  From  this,  11  linear  coefficient  of  thermal  expansion  and  an 
offeetiv  Poisson's  ratio  *»p  well  as  a mean  strain-free  temperature  were 
computed.  The  best  fit  was  obtained  from  these  data.  The  values  are 
shown  in  Table  2, 
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TAlfl.i;  2.  THERMAL  PROPERTIES  0]-'  PROPELI,ANT  RDS-011 


Linear  (Inefficient  oi  Thermal  Expansi  on,  (deg  F)  ^ 

T-1 

5 x 10  J 

Poisson's  Ratio 

0.495 

Mean  Strain  Free  Temperature,  deg  F 

154 

PEEL  DATA 

Tlic  90  jieel  test  is  a semi -quantitative  measure  of  the  propellant/ 
liner  bond  strength.  The  specimen  used  is  illustrated  in  Figure  7.  The 
force  required  to  initiate  peel  when  the  liner  is  pulled  at  a constant 
crosshead  rate  of  0.2  in. /min  is  recorded  and  divided  by  the  width  of  the 
specimen  to  produce  a peel  measurement  in  pounds  per  linear  inch,  pli. 
Values  obtained  are  shown  in  Table  3« 

TABLE  3.  1*1.1. L STRENGTH,  IROPKLLANT 

KllS-01  i 


Test  Teiujierature , 
dog  F 

90°  Peel 

Measurement,  pli 

170 

0.43 

77 

1.03 

-Jj7 

11.2 

JI1AX1AI,  SHUT  DATA 

A lien  ted  ten  s i I r spec  trum  was  run  using  a biaxial  strip  specimen 
a>  shown  in  Figure  8 . Since  no  replicates  were  used,  the  dutu  scatter 
uppeurs  quite  lar,'ej  but,  m fuel,  it  indicates  the  usual  scutter  ob- 
tained on  prupc 1 lunt  tensile  tests.  The  reluxutiou  modulus,  shifted 
using  the  u'T  lie termi md  from  the  uuiuxial  spectrum,  is  shuwn  in  Figure 
9-  Tensile  failure  dutu  are  shown  m Figure  10.  Comparison  of  these 
biaxial  dutu  with  the  uniaxial  tensile  data  revealed  a rooderute  increase 


ill  relaxation  modulus  and  slight  increases*  in  constant  erosshcad  rate 
modulus  and  rupture  strain. 

CARTON  PROPELLANT  AGING  TESTS 

To  obtain  an  indication  of  the  manner  in  which  this  propellant  would 
change  with  motor  age  after  casting,  a limited  laboratory  aging  study  was 
conducted  with  propellant  cast,  cured,  and  stored  in  sealed,  lined  car- 
tons. Twelve  cartons  were  aged,  four  at  each  of  three  temperatures,  77, 
ISO,  and  145  F.  The  cartons  were  sampled  after  1,  3,  6,  and  15  weeks 
storage  at  the  respective  temperatures;  and  uniaxial  and  90°  peel  bond 
specimens  were  tested.  Three  of  the  four  cliaracteristi cs  tested  showed 
significant  change  with  age.  Uniaxial  strain  capability,  plotted  in 
Figures  11  through  13,  decreased.  The  greatest  change  occurred,  of 
course,  at  145  F.  The  indicated  rate  of  decrease  at  the  15-vcek  aging 
point  was  about  0.073  in. /in. /decade  of  time  measured  in  weeks.  The 
capability  at  15  weeks  exposure  to  145  deg  F is  about  0.495  in, /in.;  so 
one  could  expect  a strain  capability  after  3 years  of  at  least  0.42  in./ 
in.  and  after  30  years  of  0.35  in. /in.  Similar  changes  were  noted  in  the 
uniaxial  relaxation  modulus  (increasing  with  time  at  elevated  tempera- 
ture storage)  and  90°  peel  bond  data  (also  increasing  with  time  at  ele- 
vated storage)  as  shown  in  Figures  14  through  16.  Only  tensile  strength 
data  showed  no  significant  change  during  the  15-week  aging  study.  From 
the  initial  value  of  124  psi,  the  range  of  datu  for  ull  tests  fell  be- 
tween 112  and  129  psi. 
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MOTOR  DESIGN  AM)  STRESS  ANALYSIS 


The  TIM  i.9  of  the  Sparrov  Mk  3^  Mod  k configuration.  The  grain, 
shown  in  Figure  17,  is  a five -point-star  conf iguration  with  a slight 
taper  to  jx'rrait  mandrel  lemoval  from  the  forward  end.  Using  the  configu- 
ration and  the  propellant  characterization  data,  a stress  analysis  was 
conducted  to  determine  structural  soundness  and  estimate  motor  response 
to  various  environmental  conditions.  A quasi-viscoelastic  solution, 
based  on  substituting  a time -temperature  equivalent  relaxation  modulus 
yields  the  hond-line  normal  stress  and  longitudinal  shear  stress  plotted 
in  Figure  18.  The  normal  bond  stress  decreases  from  the  level  in  the 
motor  center-plane  to  about  UOfi  of  that  value  at  about  >i  inches  from  the 
ends  of  the  motor.  A maximum  inner  bore  strain  of  6. 6^  was  calculated 
for  the  -60  F soak  condition.  The  separation  (slot  width)  of  star  points 
at  about  U inches  from  the  ends  of  the  motor  was  calculated  to  be  0.088  iuc 
and  about  0.22  inch  near  the  center-plane  at.  a radius  of  1,7  inches, 

Figure  19.  A simple  dynamic  analysis  yields  a bond  stress  of  about  0.1 
psi/g  for  vibration  transverse  to  the  centerline  of  the  motor. 


Inasmuch  as  the  minimum  strain  capability  is  about 
the  cold  tensile  strength  is  about  160  psi,  the  maximum 
in. /in.  and  bond  stress  of  7.5  psi  do  not  significantly 
structural  integrity  of  the  grain. 


0.^1  in. /in.  and 
strain  of  0,066 
cliallengo  the 
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1 V? TUI IMF.KTA TI OS'  AND  BENCH  CALIBRATION 


Prope  limit  response  i-  monitored,  in  th  o motor,  bv  stress  sensors 
and  « 1 i p— u ;i  tr  i ■ (1 1 sp  1 a < onion  t sensors  described  below.  The  installation 
procedure  anil  flap  locations  me  described  in  the  fu)  lowing  section. 

CLIP  DISPLACEMENT  GAGES 

The  clip-type  d i sp 1 ftcement  gage  is  simply  a mechanical  spring  that 
bends  under  a disp'ncemeut  loading.  The  spring  is  instrumented  with 
semi -conductor  strain  gages.  Figure  2(1,  to  measure  bending  induced  by 
displacement.  The  output  is  generally  linear  with  displacement  but  also 
varies  somewhat  with  temperature.  No-strain  outputs  and  response  to 
displacement  lor  the  two  gages,  C-A  and  -!j,  installed  in  the  TIM  are 
plotted  in  Figures  21  and  22.  These  data  were  obtained  in  bench  cali- 
bration. The  apparent  non-linearity  is  actually  due  to  uncertainty  in 
the  displacement  measurement  as  a subsequent  80  F bench  calibration  just 
prior  to  installation,  Figure  23,  revealed. 

DIAPHRAGM  130ND-LINK  tUESSUBF  GAGES 

The  advent  of  the  bond-line  stress  gage  10  years  ago  opened  an  en- 
tirely new  approach  to  solid  rocket  motor  loads  definition.  Although 
these  instruments  have  been  in  use  for  a decade,  some  problems  remain. 
The  basic  diaphragm  gage  is  illustrated  in  Figure  2A  . The  principle  of 
operation  is:  The  thin  instrumented  membrane  (diaphragm)  that  faees  the 

propellant  grain  deflects  under  pressure  in  a bending  mode,  the  strain 
gage(s)  bonded  to  the  membrane  respond  to  the  betiding,  and  gage  response 
is  monitored  in  a bridge  circuit  ns  shown  hi  Figure  2A  . Because  the 
semi -rriiilur tor  strain  gages  are  temperature  sensitive,  a compensating 
resistance  is  included  m the  (iremt  to  assist  in  minimizing  the  change 
in  tin*  active  gage  output  due  solely  to  tempera ture . By  including  a 
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sri mill  bridge  circuit,  this  compensating  gage  mil  hr  monitored  to  indi- 
ril  tr  trnijir  ro  till' r . 

ihic  oT  tlir  biggest  problems  associated  with  diaphragm  normal  stress 
gages  is  Uir  interaction  between  tlir  grain  mid  thr  gagr . On  the  one 
hand,  thr  presence  of  thr  gagr  upsrts  thr  Inral  stress  field  in  thr 
motor.  To  offset  this  effect,  thr  gagr  i«  embedded  in  a hemisphere  of 
propellant.  Figure  2-’i . thr  radius  of  thr  hemisphere  being  about  two 
timi’s  the  gage  diameter.  This  embedded  gage/ prope I I an t block  is  then 
ealibrated  as  the  measuring  instrument.  Brians,  of  the  relatively 
large  si/e  of  this  instrumented  block,  its  use  is  limited  to  grain  web 
fractions  larger  than  the  black  itself.  In  the  ease  of  TIM,  this 
dimensional  conflict  is  marginal,  i.e.,  the  minimum  instrumented  web 
is  only  about  H.L’T-iueli  greater  than  the  thickness  of  the  gage  block. 

The  second  facet  of  the  graiu/gage  interaction  problem  is  the  effect 
of  the  gram  properties  on  the  gage.  The  actual  hooding  pattern  of  the 
diaphragm  is  mf I uenced  by  the  stiffness  of  the  adjacent  material.  Since 
the  propellant  stiffness  (modulus)  is  time  and  temperature  dependent  and 
.susceptible  to  change  with  age,  these  variables  affect  gage  response. 

This  feature  requires  a comprehensive  calibration  of  the  embedded  gage 
over  the  range  of  temperatures  and  loads.  Results  of  su<h  a calibration 
for  the  six  normal  bond  stress  gages  for  the  TIM  are  plotted  in  Figures 
2'5  through  VI,  and  a summurv  of  the  no-load  output,  K„;  sensitivity,  m; 
and  gage  temperature  output,  K-p,  is  presented  in  Table  \ . For  a gage 
output,  Fr , ut  any  temperature,  T,  stress  is  calculated  from: 

»,  = - MP  P„ 

-ra 

Tlie  apparent  uon-1  inear itv  in  gage  output  vs  pressure  is  due  partially 
to  uncertainty  in  the  control  variable  (pressure),  especially  at  tempera- 
tures abuve  zero  und  partiully  to  the  vi scoe 1 os ti c nature  of  the  propellant 
embedding  material.  The  hyster*sis  observed  at  the  colder  temperatures  is 
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TABLE  4.  SI>*tARY  OF  NORMAL  DIAPHRAGM  GAGE 
DENCH  CALIBRATION 


further  I'viilrmc  nf  tile  v i snic  I as  L i i nature  of  tin*  propellant  and  of  its 
effect  on  gage  output.  At  times  on  the  order  of  10  minotes  and  at  uni- 
form temperatures,  this  effect  is  minimal.  I'nder  rapid  rates  of  tempera- 
ture change,  -urh  as  aeroheating,  the  effect  is  probably  much  greater  than 
the  stress  change  to  he  detected. 


bomd-unt:  siikaii  hacks 

Bond- I me  shear  stress  is  man  i to  red  by  .1  device  fabricated  from  a 
block  of  propel  la  nt  that,  contains  two  h i gh-e  1 onga  t,  ion  strain  Rages  as 
shown  in  Figure  11.  When  properly  oriented  this  gage  measures  longitu- 
dinal stress  at  the  propellant/liner  interface.  Because  of  the  visco- 
elastic effect  of  the  propellant  from  which  the  gage  is  fabricated,  the 
gage  must  he  calibrated  with  respect  to  lime  and  temperature,  tinge  out- 
puts are  monitored  in  a bridge  circuit  in  the  same  manner  as  the  gages  de- 
scribed previously.  The  gages  are  oriented  and  thermally  compensated  in 
such  a manner  as  to  minimize  gage  sensitivity  to  radial  stresses  and 
temperatures.  As  in  the  case  of  the  normal  gages,  however,  a second 
bridge  circuit  using  fixed  resistors  anil  one  of  the  semi-conductor  strain 
gages  is  provided  to  sense  temperature  at.  the  gage. 

The  shear  gages,  S-l  and  -2,  were  calibrated  in  a double-lap  shear 
test  fixture.  Responses  were  obtained  by  applying  v.  fixed  load  and  moni- 
toring gage  output  as  a function  of  time  and  temperature.  The  data  were 
then  shifted  vertically  and  horizontally  in  much  the  same  manner  that 
propellant  property  data  are  shifted  to  obtain  a single  master  response 
curve.  These  data  are  shown  in  Figures  12  and  11  for  the  two  shear  gages 
Table  1 summarizes  the  no-load  output  and  temperature  response.  The  data 
although  superimposed  with  a time— temperature  equivalence  (unction,  are 
obtained  for  equilibrium  temperature  conditions.  It  is  not  readily  shown 
that  gage  outputs  for  a condition  of  rapid  thermal  change  could  he  inter- 
preted with  any  significant  degree  of  accuracy. 


TABLE 


Sill  I/Ml  GA(;i‘I  IMINCH  CALIBRATION 
DATA  SUMMARY 


Tempera  tore , 
(leg  F 

s 

-i 

S-2 

No  - 1 oad 
On  tpn t , 
Mo , in  v 

Temperature 
Ou  tput, 

FT . mv 

No-1 oad 
Output, 
Eo , mv 

Temperature 
Output, 
ET,  mv 

1 50 

• 

-1.9 

05 

2 . 9 

105 

1 fo 

*> 

51 

1 .0 

'»l 

7« 

0.2 

-(> 

-0.1 

5 

20 

H -7 

-71 

-3-5 

-58 

-110 

>i . 0 

-N5 

-A.  1 

-99 

-57 

1 . 9 

-15A 

-3-1 

-130 

-70 

n.H 

— 1 6 1 

-3.5 

-l'i2 

Checks  of  gage  .inearity,  i.e.,  constant  sensitivity  with  load-level 
change,  indicate  that  gape  variation  is  within  the  scatter  of  data.  In 
bench  calibration  tests,  Gape  S-2  proved  virtually  insensitive  to  normal 
stress;  while  Gape  S-l  showed  a sensitivity  to  normal  stress  of  about 
0.15  mv/ps i at  HO  P. 

Followinp  bench  calibration,  the  papes  were  prepared  for  installation 
in  the  motor.  This  preparation  included  trimminp  the  propellant  plugs, 
cutting  wires  to  the  proper  length,  and  some  final  checks.  Installation 
of  the  papes  and  in-situ  calibration  are  described  in  the  following  section. 
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TN'STA MOTION  ANI)  IN-SITU  CALIHRATION 


GAGE  INSTALLATION 

It*'*  "‘>ges  ♦-!*!»  t.  measure  bond- 1 i tie  response  wore,  of  coursi>,  installed 
l »«* t »>!•«*  the  propellant  was  cast.  A toluene-rich  adhesive  was  used  to  bond 
the  si v normal  stress  and  two  shear  stress  gages  to  the  liner.  Each  "gage" 
consisted  o 1 _a  gage,  a bridge  completion  circuit,  and  a thermocouple,  all 
embedded  in  a propellant  plug  as  described  in  the  preceding  section.  The 
locations  of  the  installed  gages  are  shown  in  Figure  5'i;  photographs  taken 
alter  the  installation  are  presented  in  Figures  55  and  5(> . The  motor  was 
then  sealed  and  subjected  to  pressurization  and  thermal  cycling  to  provide 
an  i n— s i to  calibration  of  the  normal  stress  gages  and  no-load  calibration 
of  the  shear  gages  as  discussed  below. 

IN-SITU  CALIBRATION  OF  BOND-LINE  GAGES 

The  sen Irul  motor  case  was  exposed  to  equilibrium  and  slow  rate-of- 
ehnnge  temperature  cycling  over  the  range  of  -05  to  175  F.  Pressuriza- 
tion from  -10  to  50  psig  was  used  to  obtain  normal  gage  sensitivity  data. 
No-load  and  temperature  sensor  outputs  for  each  of  the  eight  gages  are 
plotted  in  Figures  57  through  52.  Normal  gage  sensitivities  are  summar- 
ized in  Figure  55. 

It  is  iimncdinteiy  apparent  that  no-load  data  for  most  of  these  gages 
are  radically  different  from  those  measured  in  bench  calibration.  Tem- 
perature sensor  data  are  slightly  different,  and  sensitivity  data  are 
virtually  identical.  The  reason  for  the  difference  in  no-load  output  is 
not  apparent.  The  most  probable  causes  are: 

I . In  the  motor  the  gages  use  a common  power  supply  (5  volt) 
and  a common  ground.  They  are,  therefore,  connected  in 
parallel  as  opposed  to  the  single  gage  used  in  bench 
<a I i bra ti on . 
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L>-  t»v i €1(50  completion  units  were  installed  in  the  propel- 

lant plus  after  bench  calibration  (which  is  used  to  verify 
compensation  c ; reui try ) . Mechanical  loads  induced  on  the 
fixed  resistors  could  have  altered  output. 

Although  these  changes  arc  not  explained,  it  should  that  they 

are  not  uncommon,  based  on  similar  experiences.  ln-situ  no-load  and 
calibration  data  are  the  required  baseline  for  evaluating  gage  response 
in  the  cast  motor. 

RAPID  HEATING  RESPONSE 

In  an  attempt  to  evaluate  the  uncertainty  that  would  result  from 
evaluating  gage  response  data  under  conditions  of  rapid  thermal  change 
such  as  aeroheating,  the  instrumented  case  was  vented  to  the  atmos- 
phere to  maintain  a pressure-free  state  inside  the*  case.  The  case  was 
moved  from  a -60  F conditioning  cell  to  an  adjoining  cell  that  had  been 
pre-conditioned  to  160  F.  Gage  outputs  were  recorded  at  frequent  inter- 
vals. The  evaluation  was  performed  by  calculating  the  difference  in 
gage  output  from  the  no-load  output  at  the  indicated  temperature.  The 
comparison  was  made  using  the  temperature  measured  by  the  embedded 
thermocouple  (near  the  gage/liner  interface)  and  again  using  gage  tem- 
perature sensor  indications.  The  second  comparison  yielded  the  most 
favorable  results  and  is  discussed  here.  Data  are  plotted  in  Figures 
through  6l  . 

All  gages  exhibit  a significant  response  to  the  transient  thermal 
condition.  The  error  is  generally  indicative  of  tension  on  the  dia- 
phragm gages  and  ranges  from  l to  8 psi.  Lower  errors  are  associated 
with  gages  that  are  subjected  to  the  lowest  rate  of  temperature  rise 
due  to  the  method  of  holding  the  case  during  this  test.  The  rate  of 
rise  of  case  temperature  was  about  half  that  expected  in  an  aeroheat 
simulation.  Therefore,  somewhat  larger  errors  could  be  expected  in 
actual  flight  conditions.  The  response  seen  here  is  typical  of  this 
type  gage  and  is  due  to  the  interaction  of  the  diaphragm  and  propel- 
lant plug  during  the  transient  thermal  condition. 
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MOTOR  CAST,  CURE,  AND  COOLDOWN 


Following  the  in-situ  calibration,  the  motor  was  cast  with  RDS-011 
propellant.  Internal  instrumental on  was  disconnected  before  the  cast- 
ing operation  was  begun  and  reconnected  immediately  following  cast  to 
provide  gage  response  during  propellant  cure.  The  instrumented  case  was 
pre-conditioned  to  about  145  F before  the  propellant  was  cast  and  the 
propellant  was  mixed  at  an  elevated  temperature  so  that  when  the  gages 
were  reconnected,  case  wall  temperature  was  about  115  F.  Gage  monitor- 
ing at  the  rate  of  once  per  hour  was  continuous  throughout  the  288-hour 
cure  period.  The  cure  oven  was  to  have  been  controlled  to  145  F during 
this  period,  but  the  temperature  was  elevated  after  data  from  thermo- 
couples attached  to  the  embedded  gages  (Figure  62)  indicated  the  tempera- 
ture of  the  motor  was  about  6 deg  F below  the  desired  145  F.  Near  the 
end  of  the  cure  cycle,  a technician  monitoring  the  cure  oven  reduced  the 
control  temperature  so  that  for  the  last  3 days  of  cure,  the  average 
motor  temperature  was  again  low  by  2 to  3 deg  F. 

Normal  gage  outputs  are  shown  in  Figures  63  through  68;  shear  gage 
outputs  are  plotted  in  Figure  69.  TheBe  data  are  most  interesting.  For 
the  first  40  hours  of  cure,  although  some  significant  temperature  changes 
occur,  the  gage  responses  are  moderately  small,  which  indicates  propel- 
lant was  flowing  through  the  forward  end  overcast  ring  bleed  holes  and 
allowing  the  amount  of  propellant  in  the  case  to  fluctuate  with  tempera- 
ture. At  about  40  hours,  however,  the  gages  begin  to  respond  in  the  ex- 
treme to  small  changes  in  temperature.  This  indicates  solidification  of 
the  propellant  at  the  forward  end,  thereby  precluding  hydrostatic  stress 
relief  through  propellant  flow.  Compressive  stresses  on  the  order  of  30 
to  40  psi  were  developed  as  the  average  grain  temperature  rose  to  145  to 
146  F.  Temperature  fluctuation  caused  primarily  by  entries  to  the  cure 
oven  (for  other  reasons  than  TIM  processing)  caused  sizeable  stress  os- 
cillations. From  about  120  to  140  hours,  average  temperature  steadily 
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i!i<  lined  '>ver  nn  ~ 12.5  dog  F rnnge  resulting  in  significant  drops  in  the 
.oiiiprcs  s i vc  load.  At  about  21A  hours,  the  temperature  of  the  cure  oven 
was  lowered  almost  3 deg  F,  resulting  in  development  of  slight  tension 
loads  at  the  gages.  Gages  N— 6 and  S-l  indicate  release  of  the  tensile 
load,  which  indicates  partial  release  between  the  propellant  grain  and 
the  mandre 1 , 


At  the  end  of  cure,  the  motor  was  moved  into  an  85  deg  F room  to 
cool  down  for  mandrel  removal.  Thermal  and  stress  gage  histories  for 
this  lA-hour  period  are  plotted  in  Figures  70  through  ~lh . Gage  response 
reveals  a little  about  what  occurs  during  cooldown.  When  compared  with 
readings  taken  before  the  grain  was  cast,  gages  at  the  forward  plane, 

N'-(>,  N-7,  and  S-l,  indicate  that  during  the  first  1 to  3 hours  of  cool- 
down the  grain  pulls  away  from  the  overcast  ring  and  partially  releases 
from  the  mandrel,  i.e.,  the  load  on  Gage  N-6  drops  but  that  on  Gage  N-7 
remains  in  tension.  The  same  comparison  for  gages  at  the  center  plane, 
N-H,  N-M,  and  N-13,  indicates  mandrel  release  on  the  0 degree  side  (N-8), 
slight  residual  tension  on  N-13,  and  significant  tension  on  N-9  at  180 
degrees.  Finally,  at  the  aft  plane,  Gages  N-15  and  S-2,  a slight  shear 
builds  for  the  first  hour  then  rapidly  releases  while  the  grain  slowly 
pulls  away  from  the  mandrel  on  the  side  (0  degree)  of  Gage  N-13- 

From  these  cure  and  cool-down  data,  it  was  expected  that  a nonuni- 
form residual  stress  state  would  exist  in  the  motor  following  mandrel 
removal . Further,  the  data  indicated  a significant  release  between  the 
grain  and  mandrel.  This  was  confirmed  when  the  mandrel  was  removed  with 
a lifting  force  of  < 500  pounds.  A lifting  force  of  > 1000  pounds  had 
been  required  to  remove  the  mandrel  on  an  earlier  dry-run  test.  The 
mandrel  used  for  the  final  cast  had  been  polished  and  freshly  coated 
with  Teflon. 

Visual  and  X-ray  inspection  of  the  motor  following  mandrel  removal 
revealed  no  defects.  The  motor  was  returned  to  the  test  area  for  instal- 
lation of  inner  bore  instrumentation. 
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FINAL  INSTRUMENTATION 


Following  mandrel  removal,  the  motor  bore  was  instrumented  with  an 
assortment  of  thermocouples , clip  strain  gages,  accelerometers,  and  an 
internal  pressure  gage  as  indicated  in  Figure  75-  Calibration  data  for 
the  two  clip  gages  and  the  internal  pressure  gage  are  shown  in  Figures 
70  through  78 • Calibration  data  for  the  accelerometers  are  listed  in 
Table  b.  I’hotogruphs  showing  the  forward  end  of  the  motor,  Figures  79 
through  81,  show  the  instrumentation  cables  exiting  through  the  forward 
e l osure . 


TABLE  6.  INTERNAL  ACCELEROMETER  CALIBRATION  DATA 


Accelerometer/Location 

BU60/Forward  End 

BU6l/Aft  End 

Charge  Sensitivity  at  100  Hz,  pC/g 

16.8 

18.5 

Voltage  Sensitivity  with  300  pF 

N 

Capacitance,  mv/g 

14.2 

15-6 

Maximum  Error,  20  to  2000  Hz,  % 

2 

2 

Gage  readings  taken  wit^  the  motor  at  77  F following  mandrel  removal 
and  2 days  relaxation  are  tabulated  along  with  residual  stress  in  Table  7* 


TABLE  7.  RESIDUAL  STRESSES  AFTER  MANDREL  REMOVAL 


Gage 

N-6 

N-7 

N-8 

N-9 

N-13 

N-15 

S-l 

S-2 

Response  (Er),  mv 

36.9 

4.5 

10.6 

19.4 

3.6 

-2.5 

No-load  (Eo),  mv 

27.3 

7.6 

6.3 

16.7 

DHi 

6.7 

-8.4 

-0.3 

Sensitivity  Factor, 
mv/psi 

1 .04 

1 .05 

0.55 

1.23 

0.96 

0.52 

4.4 

3-3 

Stress  (O),  psi 
1 

-4.2 

3.0 

-7.8 

-2.2 

12.5 

6.0 

-0.9 

-0.7 
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Residual  shear  stresses  are  small  but  are  ns  expected  for  77  P,  show- 
ing load  toward  the  center  plane  of  the  motor.  Those  gages  that  indicated 
early  mandrel  release,  i.e.,  N-6  and  N-8,  show  significant  residual  com- 
pression. Those  indicating  partial  or  slow  release,  N-7,  N-13,  and  N-15. 
show  significant  tension.  Gage  N-9,  which  showed  little  release  during 
cooldown,  has  a small  residual  compression  at  ambient. 

With  final  closing  of  the  instrumented  motor,  environmental  testing 
was  begun. 
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ENVIRONMENTAL  TESTING 


Environmental  testing  of  the  TIM  covered  three  areas:  (l  ) thermal 

cycling,  (2)  sinusoidal  vibration,  and  (3)  captive-flight  simulation. 
Those  tests  were  conducted  to  characterize  motor  response  and,  in  the 
case  of  captive-flight  simulation,  to  demonstrate  the  application  of  a 
tost  dotcrmined  from  actual  flight  conditions  to  which  the  Bomb  Dummy 
Unit  (BDU)  was  subjected,  as  reported  in  AFftPL-IR-76~60 . 

Before  thermal  cycling  was  begun,  a shift  in  gage  output  of  normal 
stress  gages  N-7  and  -8  was  noted.  No  satisfactory  explanation  for  these 
changes  could  be  found  though  the  unique  construction  of  these  two  gages 
(dummy  compensating  gage  mounted  on  the  gage  support  ring)  suggests  a 
cause  related  to  the  attachment  of  the  duasy  gage  to  the  diaphragm  wall. 
The  shift  occurred  for  both  stress  and  temperature  outputs.  The  dummy- 
gage  is  suspect  because  temperature  output  involven  only  that  gage.  A 
calculation  of  resistance  change  based  on  the  shift  in  temperature  out- 
put can  be  applied  to  the  no-load  calibration  data  to  adjust  these  data 
to  the  new  response.  Since  Gage  N-8  performed  poorly  in  subsequent  test- 
ing, as  described  later,  only  data  from  Gage  N-7  was  corrected  in  this 
manner.  New  no-load  and  temperature  response  curves  are  shown  in  Figures 
82  and  83-  All  subsequent  calculations  of  thermal  respousc  ore  based  on 
the  m-situ  calibration  data  except  thBt  for  Gage  N-7,  which  uses  the 
data  shown  here. 


THERMAL  CYCLING 

Hie  TIM  was  thermally  cycled  between  160  and  -60  F in  approximately 
*i0  deg  F steps  of  at  least  1-day  duration.  Two  complete  cycles  were  con- 
ducted, but  data  from  the  first  cycle  were  discounted  when  moisture  con- 
densation on  an  external  connector  was  discovered.  The  connector  wus 
sealed  to  prevent  condensation  on  the  conductors  before  the  second  test 
cycle  was  run. 
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(iniit*  out. puts  during  tin*  second  cycle  arc  plotted  in  Figures  8'* 
tdrouc'i  93.  It.  i«  apparent  that  the  outputs  arc  smooth  functions  of 
temperature,  indicative  of  good  gage  response.  Analysis  of  the  data 
to  obtain  stresses  and  di spl nrements  based  on  the  calibrations  des- 
ci  ■ bed  previously  yielded  the  results  shown  in  Figures  9^  through  9b. 
Normal  stresses,  Figure  9V  are  sompwhat  different  from  that  expected, 
.stress  measured  by  Gage  N-15  at  the  aft  end  of  the  motor  is  virtually 
zero.  Stress  at  the  forward  plane,  measured  by  Gages  N-6  (at  180°)  and 
N-"  (at  0°)  has  an  average  of  2.7  ps  i , which  is  obtained  by  adding 
tensile  stresses  recorded  on  N-7  and  compressive  stresses  recorded  on 
N-6.  Average  stress  at  the  center  plane  is  somewhat  higher.  Data  from 
G.ige  N-8  lias  been  neglected  since  it  had  shown  significant  drift  and 
muse.  Shear  stresses  are  essentially  as  expected  as  are  the  inner  bore 
displacements  measured  between  the  star  slots  (compare  with  Figures  18 
and  19).  The  apparent  error  in  bond-line  normal  stress  is  primarily 
attributable  to  the  relative  size  of  the  instrumented  propellant  plug 
and  the  grain  web  fraction.  Because  of  gage/grain  interaction,  it  is 
m i es.-ury  to  calibrate  the  gage  embedded  in  a propellant  plug.  Because 
of  the  size  of  the  plug,  we  have,  in  effect,  calibrated  out  a signifi- 
cant per turn  of  the  induced  stress.  Ibis  is  exemplified  by  the  no-loud 
•‘error’'  observed  in  the  rapid  heating  test  during  in-situ  calibration. 

9 lie  only  alternatives  would  be  to  use  much  smaller  gageB  with  shorter 
service  lives  or  reduce  the  size  of  the  embedded  plug  and  rely  on  unul- 
to  obtain  the  proper  stress.  The  latter,  if  it  were  acceptable, 
would,  however,  imply  that  satisfactory  stress  analysis  methods  are 
nvui 1 obi e , in  which  ease  the  gage  would  not  be  required  in  the  first 
pi  ace  . 


SINUSOIDAL  VIBRATION 

Following  the  thermal  cycling  tests,  the  motor  was  subjected  to 
sinusoidal  vibration  in  the  transverse  vertical  axis.  The  tests  were 
conducted  at  a 3 g input  level  over  the  range  of  10  to  2000  Hertz  and 
at  temperatures  of  -20,  85,  and  165  F.  Dynamic  responses  of  the  internal 
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accelerometers  mid  stress/strain  gages  nlong  with  tile  externally  mounted 
rase  acre  1 erome ter?  were  recorded  for  each  sine  sweep.  The  accelerom- 
e ter s were  located  ns  shown  in  Figure  97.  Ambient  (85  F)  sine  sweep  data 
are  plotted  in  Figures  98  through  1 1 k . From  these  data  and  data  at  -20 
and  1<>5  F,  key  response  frequencies  and  their  respective  amplitude  ratios 
were  determined  (see  Table  8). 


TAJILK  8.  SINUSOIDAL  RESPONSE  OF  TIM  TO 
TRANSVERSE  VERTICAL  VIBRATION 


Frequency,  Hz 

235 

325 

500—800 

1570 

1770 

Amplitude  Ratio 

3 

2 

8 

U 

3 

These  responses  are  primarily  as  recorded  at  the  external  case  accel 
erometers  ut  the  forward  and  aft  ends  of  the  motor.  These  results,  in 
addition  to  characterizing  the  ground  vibration  response  of  the  TIM,  pro- 
vide the  basis  for  the  captive/flight  simulation  tests  described  below. 

The  response  of  Gage  N-8  was  very  noisy  and  erratic.  Hus  and  the 
other  difficulties  (output  shifts)  with  this  gage  make  its  reliability 
so  low  that  the  gage  may  bp  considered  non-functional . Shear  gage  data, 
while  s i nn i f i cant , indicate  a very  low  level  of  dynamic  shear  stress; 
therefore,  the  shear  gages  were  not  monitored  during  captive-flight  simu 
lution  testing. 
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Page  22  is  blank 


CAPTIYE-FLIGitr  S IMULAT ION 


Ground  simulation  of  the  captive-flight  environment  is  a goal  for 
motor  qualification  testing.  An  approach  to  the  design  of  such  a test 
is  discussed  in  the  HDU  Final  Report  (AFRPL-TR-76-60) . The  fundamental 
response  curve,  from  that  report,  is  shown  in  Figure  115  for  the  verti- 
cal direction. 

A comparison  between  this  fundamental  input  control  and  that  speci- 
fied in  MIL-STD-810C  is  of  interest. 

The  Sparrow  is  trested  in  the  category  of  External  Stores  Carried  on 
Airplanes  in  accordance  with  Part  514.2,  Procedure  IIB  of  MIL-STD-810C . 
Prom  Table  514.21V  of  that  document,  we  obtain  the  governing  equations: 

Cut-off  frequency  for  high  end,  f^  = 10-5  (^)  Hz  (l) 


where 


t - case  thickness,  in. 
R - motor  radius,  in. 


, N 1/4  „ 

J,ow  frequency  amplitude,  = (5)  (10  /(^j)  8 /Hz 


whe  re 


N - maximum  number  of  expected  service  missions 

T - test  time  per  axis,  hr  (for  functional  tests 
N - 3,  T - 1) 


(2) 
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High-frequency  amplitude,  W 


(3)(lo-J)(J)  (p 


iA 


g“/Hz 


(A 


v I lore 


q - maximum  flight  dynamic  pressure,  lb/sq  ft 
p - uvcrage  store  weight  density,  lb/cu  ft 

q is  taken  La  be  1200  lb/sq  ft  for  the  endurance  test  and  1800 
I'l-'.-q  ft-  for  the  functional  test.  Special  adjustments  require  multiply- 
ing the  result,  from  Eq . 3 h>  4 when  testing  the  motor  section. 


Translating  these  requirements  into  quantitative  form,  we  obtain 
the  comparison  of  Table  9 below. 


TABU;  9.  VIBRATION  ENVIRONMENT  COMPARISON3 


MK  38  SPARROW 


p “ 8(>  lb/cu  ft  S = 200 

t - 0.074  in.  T *-•  100 

R = 4 in. 

Functiona 1 

Endurance 

MIL-STD-810C 

DAME 

MIL-STD-810C 

DAME 

A 

0.009  g“/ Hz 

0.004  g“/lla 

0.0064  g“/Hz 

w,  t 

0.010  g“/||z 

0.0006  g^/Hz. 

0.007  g'-’/Kz 

rl 

>,‘<'2  11/ 

410  Hzb 

462  Hz 

J 

410  llzb 

'’in  both  cases,  the  DAME  observation  ana  the  MIL-STD-810C  re- 
quires enhancement  of  the  random  curve  according  to  observed 
resonances  for  the  unit.  Testing  under  MIL-STD-810C  is  at. 
constant  tempe ra ture ; DAME  includes  aeroheat  response. 

An  the  H1>1!  data,  a second  cut-off  occurs  at  about  800  Hertz. 
From  800  to  2000  Hertz,  the  PSD  level  rises  from  W^  to  approx- 
imately equal  to  Wj  . 
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The  essence  of  the  comparison  is  that  for  frequencies  below  400 
Hertz . little  change  is  observed  between  the  two  environments.  For  fre- 
quencies above  400  Hertz,  however,  the  MIL-STD-810C  requires  a signifi- 
cantly higher  input.  In  terms  of  effect  on  a case-bonded  solid  pro- 
pellant motor,  the  difference  is  not  critical.  For  components  sensitive 
to  high  frequency,  the  differences  could  become  important. 

Aerodynamic  temperature  profiles  selected  for  testing  are  shown  in 
Figures  110  ami  117.  Figure  116  simulates  a mission  in  which  the  uircra 
starting  from  a nominal  ground  condition  of  80  F,  takes  off,  climbs  to 
~ 35.000  feet,  and  loiters  at  low  speed.  Following  low-speed  loiter, 
a dash  to  Mach  2 is  assumed,  The  second  profile,  Figure  117,  is  based 
on  a low-level  flight,  dash,  then  low-speed  flight  at  high  altitude. 

Dynamic  simulation  is  determined  from  the  basic  profile  recorded 
during  BDU  testing  on  an  P—  111.  Two  levels  of  testing,  basic  and  10  x 
basic,  were  used.  The  actual  control  profile  is  shown  in  Figure  118 
where  alterations  to  account  for  the  response  of  this  motor  to  vibra- 
tions ure  indicated.  The  vibration  control  for  these  tests  is  the  aver- 
age vibration  level  at  the  forward  and  aft  external  case  accelerometers. 

Photographs  of  the  motor  set  up  for  captive  flight  simulation  test- 
ing are  shown  in  Figures  119  and  120.  The  case  temperature,  averaged 
from  four  thermocouples  at  99°  intervals  around  the  aft  gage  pLane,ie 
plotted  with  the  target  temperature  for  the  four  tests  in  Figures  121 
through  124.  Inlet  air  was  directed  onto  the  motor  aft  end  to  protect 
the  instrumentation.  Control  difficulties  on  the  first  test,  Figure  121 
resulted  in  a higher  rate  of  heating  than  bad  been  planned.  Temperature 
profiles  on  the  remaining  three  testa  were  closely  matched. 
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Although  thermal  stress  response  is  highly  unreliable  duo  to  the 
demonstrated  no-load  error  during  the  time  the  thermal  gradient  is  high, 
data  from  the  second  test  using  long  loiter  followed  by  aeroheat  are 
plotted  in  Figures  123  through  135.  The  60-minute  loiter  simulation 
results  in  stress/strain  changes  as  indicated  in  Table  10.  With  the  ex- 
ception of  data  from  Gages  N-b  and  -8,  which  indicate  a shift  in  no-load 
data , (-3.2  and  10.8  psi  for  N-6  and  -8,  respectively),  the  results  agree 

quite  well  considering  the  transient  nature  of  the  test.  The  normal 
gages  do  not  show  a sudden  .jump  when  aeroheat  is  started.  This  is  attrib- 
uted to  the  thickness  of  liner  in  this  motor,  which  would  tend  to  absorb 
load  (and  heat)  from  the  case. 

TABLE  10.  INSTRUMENTATION  RESPONSE,  END  OF 

LOITER  SIMULATION,  AEROHEAT  TEST  2 


Change  in  Response 

Forward 

N-7 

2.6  psi 

S-l 

-3-6  psi 

C-5 

0.027  in. 

Center 

N-9 

2.4  psi 

N-13 

-0.5  psi 

Aft 

N-15 

2 .b  psi 

S-2 

-1.8  psi 

C-4 

0.024  in. 

Aeroheat  Tests  3 and  4 represent  the  Terrain  Following  Radar  (Tffi)- 
dash-loiter  sequence.  Gage  responses  for  Test  3 are  plotted  in  Figures 
13b  through  146.  The  response  range  indicates  a loweg  level  of  stress  at 
the  bond  line  as  a result  of  this  type  profile. 
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Random  vibration,  imposed  during  these  aeroheat  cycles,  completed 
the  captive-flight  simulation.  Representative  responses  of  the  gages 
during  vibration  are  shown  in  Figure  147  through  159.  Almost  ull  gage 
responses  are  at  frequencies  below  800  Hertz.  Data  from  the  four  tests 
are  summarized  in  Table  11.  In  the  case  of  input  level  of  10  x basir 
levels,  the  rms  responses  increase,  as  expected,  by  a factor  of  ~3.  Dy- 
namic bond-line  normal  stresses  reach  rms  levels  of  psi. 

TABLE  11 . RANDOM  VIBRATION  RESPONSE 


Gage 

RMS  Response  Over 

10  to  2000 

Hertz 

Test  A-l 

Test  A-2 

Test  B-l 

Test  B-2 

Average  (Control) 

2.86 

7-48 

2.29 

7.49 

A-3,  g 

2.31 

9.11 

2.26 

8.44 

A-4 , g 

6.05 

15-12 

5.18 

14.58 

A-5 1 g 

2.44 

8.85 

2.56 

8.44 

A-7,  g 

2.98 

11.63 

3.17 

10.83 

A-8 , g 

4.61 

14.06 

4.55 

13-40 

N-6,  mv 

0.23 

0.71 

0.30 

0.69 

N-7,  mv 

0.71 

2.18 

0.69 

1 76 

N-9 , mv 

0.63 

1.57 

0.58 

1.83 

N-13,  mv 

0.57 

1.93 

0.64 

1 .98 

N— 15,  mv 

0.37 

1.10 

0.38 

1.01 

C-5,  mv 

0.95 

3.02 

0.87 

2.62 

C-4,  mv 

0.64 ' 

2.77 

0.77 

2.81 

2? 
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CONCLUSION^ 


The  TIM  wa9  subjected  to  a variety  of  environmental  tests  thut  cO''cr 
the  expected  range  of  loadings  to  be  encountered  in  captive  flight  on 
modern  high-performance  aircraft  such  as  the  F-lll.  The  rundou  vibra- 
tion  input  control  was  based  on  HDU  response  from  captive  flight,  on  an 
F-lll.  This  response  compares  favorably  with  MIL-STD-81QC  requirements 
at  frequencies  below  about  400  Hertz.  An  enhanced  spectral  input  based 
on  assumed  response  on  aircraft  such  as  an  F-4  or  F-15  was  also  run  on 
the  TIM.  Both  analysis  and  experiment  indicate  that  the  stresses  imposed 
on  the  motor  from  thermal  changes  are  relatively  low  (<  10  ps 1 ) . Dynamic 
stresses  (<  5 psi)  are  measurahle  but  are  also  quite  low. 

The  TIM  represents  a well  characterized  and  structurally  sound  test 
vehicle  that  should  be  available  for  captive  flight  loads  definition  for 
many  years.  The  propellant  is  thoroughly  characterized,  and  aging  data 
indicate  that  the  rate  of  change  of  mechanical  properties  should  be  mini- 
mal over  the  next  decade. 

The  shear  and  clip  gages  performed  reliably  and  repeatnbly  over 
several  thermal  cycles.  The  bond-line  normal  stress  gages  showed  some 
tendency  to  shift  in  no-load  output;  but  because  of  the  manner  in  which 
thpy  are  wired,  this  shift  may  be  monitored  and,  if  required,  corrected 
in  the  future.  Only  one  gage,  N-8,  was  found  to  drift  somewhat  errati- 
cally and  to  be  noisy  under  dynamic  load. 

For  the  motor  to  be  flown,  it  would  have  to  be  mated  to  a missile 
with  provision  to  accommodate  the  modified  forward  closure  through  which 
the  instrumentation  wires  are  fed.  Data  presented  in  this  report  define 
the  range  of  responses  so  that  a recording  system  could  easily  be  set  up. 
Calibration  data  presented  are  sufficient  to  permit  data  reduction  from 
actual  captive-flight  tests.  Regular  pressurization  and  equilibrium 
temperature  conditioning  teats  are  recommended  to  verify  tbe  condition 
of  the  normal  stress  gages. 
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Figure  62.  Average  Motor  Temperature  During  Cure 
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for  Gage  N-7 
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Figure  9<>.  Thrrmol  Cy t 1 *•  RoapimH**,  Gage  S-l 
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Figure  121.  First  Aerohcat  Test 
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Figure  127.  Aeroheat  Test  2,  S-2  Thermal  Response 
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Figure  137.  Aeroheat  Teat  3,  N-6  Thermal  Response 
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Figure  146,  Aeroheat  Test  3.  C-5  Thermal  Response 
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